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ABSTRACT 


This  program  was  conducted  to  derive  a  better 
technique  for  the  measurement  of  the  permeability  and 
permittivity  of  lossy  ferrites  at  microwave  frequencies 
at  temperatures  up  to  1000°F.  Although  the  classical 
method  of  waveguide  measurement  techniques  was  used, 
a  careful  analysis  of  the  sources  of  errors  was  under¬ 
taken  and  a  computer  aided  analysis  technique  developed 
to  establish  the  validity  of  the  measurements. 

The  design  of  the  sample  holders  and  special  tools 
for  insertion  of  material  is  detailed. 

The  problem  areas  inherent  in  this  type  of  measure¬ 
ment  are  not  compounded  by  high  temperatures,  and  good 
results  can  be  obtained,  provided  great  care  is  taken 
and  sufficient  homogeneous  ferrite  samples  are  available. 

Three  different  ferrites  were  measured  at  micro- 
wave  frequencies  and  temperatures  up  to  1000°F. 
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I.  INTRODUCTION 


It  is  well  known  to  anyone  familiar  with  the  liter¬ 
ature  in  connection  with  lossy  ferrite  materials  and  the 
numerous  measurements  reported  in  the  literature  in 
connection  with  radar  absorbing  materials,  that  all  in¬ 
vestigators  have  experienced  serious  problems  in  deter¬ 
mining  the  complex  permittivity  (e)  and  the  complex 
permeability  (y)  of  these  materials. 

The  work  under  this  contract  is  directed  to  the 
measurements  of  e  and  y  at  high  temperatures,  which 
requires : 

1.  The  use  of  a  suitable  sample  holder  with  co¬ 
efficient  of  thermal  expansion  comparable  to 
the  ceramic  ferrite. 

2.  The  determination  of  the  temperature  at  the 
sample  at  which  the  measurement  is  being  taken, 
and , 

3.  The  design  of  special  tools  for  inserting  the 
samples  at  the  shorting  plate  and  moving  the 
sample  X/4  away  from  the  shorting  plate. 

The  classical  approach  for  measuring  e  and  y  is  to: 

1.  Place  a  sample  of  thickness  d  at  the  short 
circuit  in  either  a  coaxial  or  waveguide  sample 
holder  and,  by  means  of  a  slotted  line  connected 
to  the  sample  holder,  to  obtain  the  position  of 
a  minimum  of  the  voltage  standing  wave,  NPS , 
and  either  the  voltage  standing  wave  ratio,  VSWR, 
or  the  distance  (AXS)  between  the  points  of  twice 
minimum  power  on  the  voltage  standing  wave. 

2.  Place  the  sample  A / 4  away  from  the  short  circuit 
and  obtain  the  position  of  a  minimum  of  the 
voltage  standing  wave,  NPO,  and  either  the  volt¬ 
age  standing  wave  ratio,  or  the  distance  (AX0) 
between  the  points  of  twice  minimum  power  on  the 
voltage  standing  wave. 

By  means  of  solving  a  pair  of  transcentental 
equations  containing  the  measured  parameters  NPS,  NPO, 

AX§ ,  AX0,  the  e  and  y  of  any  material  may  be  uniquely 
determined  at  a  given  frequency.  However,  the  results 
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are  not  necessarily  valid.  For  example,  if  the  complex 
normalized  e  and  y  are  defined  as  e*e,-je"  and  y*y'-jy", 
then  the  following  inequalities:  e'>l,e">0  and  y">0 
must  always  hold  for  solid  homogeneous  materials  such  as 
sintered  ferrite.  However,  now  and  then  the  e',  e"  or  y" 
are  computed  to  be  negative.  Such  results  are  unaccept¬ 
able.  Frequently  random  variations  in  the  values  of 
e,,e",y'  and  y"  as  a  function  of  frequency  are  obtained 
implying,  erroneous  results.  These  are  due  to: 

1.  Errors  in  the  precise  location  of  NPS  and  NPO 
and, 

2.  Errors  in  the  determination  of  the  VSWR  or  AXQ  and 
AX0. 

Hence  the  problem  of  establishing  the  reliability 
of  the  complex  e  and  y  that  is  determined  from  the 
measurements  of  the  null  positions  and  VSWR  in  either 
coaxial  line  or  waveguide  is  the  same,  whether  the  measure¬ 
ments  are  made  at  room  or  at  elevated  temperatures. 

In  order  to  determine  the  reliability  of  the  measure¬ 
ments,  samples  of  a  single  thickness  d  and  double  thick¬ 
ness  2d  are  measured  and  four  determinations  of  e  and  y 
are  obtained.  By  means  of  recomputing  from  the  e  and  y 
obtained  for  each  thickness  the  expected  values  of  NPO, 

NPS,  AXg  and  AX  for  the  other  thickness,  and  by  making 
suitable  corrections  for  AXg  and  AX0  the  reliability  of 
the  measurements  may  be  established.  A  computer  program 
is  being  developed  to  evaluate  the  sources  of  errors  in 
the  measurements,  and  to  accept  or  reject  the  result. 
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II. 


SAMPLE  HOLDERS 


The  coaxial  sample  holder  made  of  Kovar  (a  Westing- 
house  product),  and  described  in  detail  in  Technical 
Report  AMFL-TR-69-18 1 ,  proved  to  be  very  satisfactory, 
hence  it  was  decided  to  make  the  waveguide  sample  holder 
of  the  same  material. 

Since  Kovar  is  considered  to  be  an  exotic  material, 
great  difficulty  was  experienced  in  finding  a  source  that 
would  fabricate  the  waveguide  sample  holder  to  the  re¬ 
quired  tolerances.  Five  techniques  were  considered  - 
broaching,  EDM  (Electrical  Discharge  Machining),  extrusion, 
and  machining  in  parts  and  brazing.  The  first  four  proved 
to  be  exorbitant  in  price.  The  fifth  required  a  careful 
search  for  a  capable  machining  facility.  A  machine  shop 
finally  was  found  to  undertake  the  job  on  a  best  effort 
basis.  The  drawings  of  the  waveguide  section  are  given 
in  Figures  1  to  6.  By  maintaining  careful  liason  with 
the  machine  shop,  the  final  product  was  very  satisfactory. 
However,  the  wall  thickness  had  to  be  increased  to  0.09 
inches  to  maintain  adequate  tolerance.  This  unfortunately, 
as  will  be  shown  later,  requires  additional  rime  for  tem¬ 
perature  stabilization  from  one  increment  of  temperature 
to  another.  However,  for  the  present  purposes  this  is 
usable.  If  thinner  walls  are  required  for  more  production 
type  work,  the  walls  of  the  sample  holder  may  be  thinned 
from  the  outside  by  relatively  expensive  methods. 

The  fabrication  procedure  was  a  follows:  rough  machin¬ 
ing,  annealing,  finish  machining,  annealing,  grinding 
to  required  finish,  furnace  brazing,  grinding  to  remove 
excess  brazing  material,  annealing  again  and  then  polishing, 
and  finally  gold  plating. 

The  machining,  brazing  and  gold  plating  were  carried 
out  by  three  different  contractors,  each  of  whose  opera¬ 
tions  required  clear  definition  and  close  monitoring. 

Furnace  brazing  was  chosen  to  avoid  distortion. 

The  gold  plating  process  involved  a  vacuum  degassing 
operation,  flashing  with  nickel,  then  gold  plating  the 
inside  with  special  electrodes  to  ensure  consistent  thick¬ 
ness  of  the  gold  over  the  length  of  the  sample  holder.  The 


The  text  resumes  on  page  10 


Thomas,  A.  S.  "High  Temperature  Measurements  of  Complex 
e  and  y."  Technical  Report  AFML-TR-69-18 ,  March  1969. 
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Figure  1.  WAVE  GUIDE  ASSEMBLY 
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Figure  2.  WAVE  GUIDE  TUBE  ASSEMBLY. 
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Figure  S.  WAVE  GUIDE  FLANCt. 


same  thickness  of  gold  that  was  found  satisfactory  with 
the  coaxial  sample  holder  (0.6  mils)  was  used  on  the  wave- 
guide  sample  holder. 

Special  tools  were  devised  for  loading,  moving  and 
removing  the  samples  from  the  waveguide,  Figures  7  and  8. 
The  vacuum  extractor,  Figure  7,  ensures  that  the  sample 
is  normal  to  the  waveguide  walls,  both  on  insertion  as 
well  as  extraction.  The  X/4  positioner,  Figure  8,  has 
a  sufficiently  large  plunger  face  and  an  accurately  aligned 
stop  plate  to  guarantee  that  the  sample  does  not  tilt  when 
moved  X/4  away  from  the  short  at  any  given  frequency. 

The  AX,  and  therefore  the  VSWR  were  checked  in  the 
air-filled  coaxial  and  waveguide  sample  holders.  Since 
AX  is  related  to  VSWR  for  AX<.03X  as  follows: 


X 

VSWR  -  - 

it  Ax 

where  X  is  the  wavelength  in  coaxial 

line  or  waveguide, 

the  smaller  the  AX,  the  larger  the  VSWR. 

The  comparisons  between  the  standard  sample  holders 
and  the  gold  plated  Kovar  sample  holders  are  given  in  Fi¬ 
gures  9  and  10.  The  voltage  standing  wave  minima,  or 
"nulls",  occur  at  distances  of  X/2  from  the  shorting  plate, 
so  that  null  No.  1  is  X/2  away  from  the  shorting  plate, 
null  No. 2  is  X  away  from  the  shorting  plate,  etc.  In 
Figure  9,  the  AX  is  given  for  nulls  8  to  11  at  operating 
frequency  of  3.17  GHz;  null  8  is  at  a  distance  of  4X  away 
from  the  shorting  plate,  and  is  the;  first  null  that  appears 
on  the  slotted  line.  Measurements  of  AX  ir  the  gold  plated 
Kovar  coaxial  sample  holder  are  compared  with  the  measured 
values  of  X  using  the  aluminum  sample  holder.  It  is  rea¬ 
dily  seen  from  Figure  9  that,  although  AX  increases  with 
increased  temperature,  the  AX  at  1000°F  measured  in  the 
gold  plated  sample  holder  remains  below  that  of  the  alu¬ 
minum  sample  holder  at  room  temperature. 

Figure  10  compares  the  AX  with  standard  waveguide 
Text  resumes  on  page  IS 


10 


PM 


t  4 


«  l  TS 

S  w  v 
s-*  5  5  >. 
I  9  -  JS 

15  b~r  tj  -y_  r 

S  §  <°- 

3  3  5  .  * 

3  Q  O'  « 

N  J  r  "B  u 

*  Jf  V  ^  q, 

<V  £-  ^  Jrxftj 

5  4?  *°  I  V 

*  -*  3  5 

«1T5  S»  v  0 

Q  1/  3  f  j 

-*  s  sr  „  Q 

1  f-^  §  * 

o-S 


E*a 
*  “r 
0  <5 

TJ  W 

°  t5 

o  ^ 

o  c 
^  o 

Q-^ 

i/» 

4?  0 

4-  c^ 

<)J  \ 

■t?  V 

T5  0 

£  -K. 

\T> 

q> 

_q  u 
_c 
s: 

3  © 


0  •*-“ 
4—  V 

~di 

Q>  0 
-*-.  > 

i.l  a 

C  •  V 
a  ftJ  tj 
\)  O  r 


* n 

0/ 

u  Si 

u 

0 

_c 

£ 

-5 

e  *+- 
C  H- 

2}  3 

<U 

o 

O 

<y 

fQ 

> 

Figure  7.  VACUUM  SAMPLE  EXTRACTOR. 
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Figure  9.  COMPARISON  OF  Ax  IN  AIR  FOR  KOVAR  AND 
ALUMINUM  COAXIAL  LINE. 


Figure  10.  COMPARISON  OF  Ax  IN  AIR  FOR  KOVAR  AND 
STANDARD  WAVEGUIDE  AT  72°F. 


sample  holder  to  that  with  the  ten  inch  gold  plated 
Kovar  sample  holder  at  6.778  GHz.  Here  again  the  gold 
plated  Kovar  sample  holder  exhibited  a  lower  AX  and 
hence  a  higher  VSWR  than  the  standard  waveguide . 

Although  the  gold  plated  Kovar  sample  holders 
darkened  with  temperature  cycling,  the  VSWR  was  not 
affected  by  this  darkening. 


Text  continues  on  next  page 
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III.  TEMPERATURE  STABILIZATION 


It  is  of  course  essential  to  know  the  exact 
temperature  of  the  sample  at  which  a  measurement  is 
being  made.  Hence  a  careful  study  of  the  tempera¬ 
ture  stabilization  within  the  sample  has  been  under¬ 
taken.  The  furnace  used  has  a  temperature  gradient. 
This  was  measured  as  a  function  of  distance  from  one 
end  of  the  furnace  to  the  center  of  the  furnace. 

The  gradients  or  profiles  for  250°,  500°,  750°  and 
1000°  are  given  in  Figures  11  to  14. 

By  placing  thermocouples  as  shown  in  Figure  15, 
the  per  cent  differences  in  temperature  between  the 
inside  and  outside  of  the  sample  holder  were  obtained. 
Figure  16  gives  the  temperature  differences  between 
the  inside  and  outside  temperatures  of  the  sample 
holder  and  Figure  17  gives  the  differences  in  per 
cent  as  a  function  of  time.  It  requires  forty  min¬ 
utes  for  the  temperature  difference  at  1000°F  to 
fall  below  five  per  cent. 

Figures  18  through  21  give  the  temperature  ver¬ 
sus  time  at  the  surface  and  inside  the  sample  holder 
for  temperature  rises  from  70°F.  Figures  22 
through  25  give  the  temperature  as  a  function  of 
time  for  250°F  changes  in  temperature  from  250°  to 
1000°F . 

The  temperature  inside  the  sample  was  studied 
with  test  setup  as  shown  in  Figure  26.  One  thermo¬ 
couple  is  at  the  center  conductor  and  another  placed 
at  the  outside  surface  of  the  sample  holder.  Figures 
27  through  32  give  the  temperature  versus  time  for 
various  temperature  rises  and  the  recovery  time  of 
the  temperature  inside  and  outside  the  sample.  These 
figures  show  the  initial  temperature  rise  time  to 
reach  the  test  temperature,  the  subsequent  temperature 
drop  as  the  sample  is  inserted  at  the  shorting  plate 
or  moved  X/4  away  from  the  short  and  the  recovery  time 
of  the  temperature  at  the  outer  conductor  and  at  the 
center  conductor.  As  would  be  expected  the  recovery 
time  at  the  center  of  the  sample  holder  is  much  great¬ 
er  than  at  the  surface. 

Following  is  a  brief  summary  of  the  results. 

1.  With  the  six  inch  sample  holder  at  the  center 
of  the  furnace,  the  temperature  gradient  is  such  that 

Text  resumes  on  page  39 
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Figure  15.  TIiST  SET-UP  FOR  MEASURING  INSIDE  Vs.  OUTSIDE 
TEMPERATURES  AS  KELL  AS  AMBIENT  TO  TEST  TEM¬ 
PERATURES. 


Minutes 


Figure  23.  TIME/TEMPERATURE  HISTORY  500°F  TO  725°F 


Minutes 


Figure  25.  TIME/TEMPERATURE  HISTORY  750°F  TO  1000°F 


6"  sample  holder  (one  inside 
the  sample  holder) . 


Figure  27.  TEMPERATURE  RECOVERY  TIME  70°F  to  250OF. 
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Figure  28.  TEMPERATURE  RECOVERY  TIME  70°F  to  500°F. 
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Minutes 

Figure  30.  TEMPERATURE  RECOVERY  TIME  70°F  TO  1000°F. 
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Figure  31.  TEMPERATURE  RECOVERY  TIME  70OF  TO  250OF 


lert  simple  at  short 
2  min.  20  sec. 


Recovery  time  ■  25  min. 


PYROMETER 
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One  thermocouple  Is  Inside 
the  sample  holder  at  the 
short,  the  other  at  the 
center  of  the  sample  holder.' 


60  Minutes 


Figure  32.  TEMPERATURE  RECOVERY  TIME  70°F  to  250°F. 
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there  are  the  following  differences  (AF)  between  the 
temperature  at  short  circuits  of  the  sample  holder 
and  the  center  of  the  furnace,  three  inches  away: 


a) 

AF 

33° 

at 

1000  °F 

b) 

AF 

'V 

26° 

at 

750°F 

c) 

AF 

% 

13° 

at 

500  °F 

d) 

AF 

'Xi 

6° 

at 

2  50  0  F 

Hence  when  the  sample  is  moved  in  X/4,  the  furnace 
temperature  is  to  be  adjusted  accordingly  for  a  thermo¬ 
couple  at  a  fixed  position,  i.e.,  at  the  short  circuit 
or  at  the  center  of  the  furnace. 

2.  The  measurements  show  that  for  moving  the 
sample  in  X/4,  requiring  the  opening  of  the  furnace, 

15  to  20  minutes  are  needed  for  the  temperature  to 
return  to  the  desired  temperature. 

3.  The  temperature  at  the  center  of  the  sample 
is  always  lower  than  the  temperature  at  the  outer  sur¬ 
face  of  the  sample  holder.  From  the  curves  given,  it 
is  possible  to  set  the  furnace  temperature  so  that  any 
desired  temperature  may  be  obtained  at  the  sample  by 
observing  the  temperature  at  the  outer  surface  of  the 
sample  holder.  The  temperature  difference  at  the  inner 
conductor  is  of  course  due  to  convection  currents. 

4.  Starting  from  room  temperature,  for  the 
temperature  at  the  sample  to  stabilize  to  a  given 
temperature  requires  between  38  and  50  minutes,  as 
follows : 

a)  55  minutes  from  70°  to  250°F 

b)  50  minutes  from  70°  to  500°F 

c)  45  minutes  from  70°  to  750°F 

d)  38  minutes  from  70°  to  1000°F 

5.  For  the  sample  to  stabilize  at  a  temperature 
when  the  temperature  is  raised  requires  from  45  to  30 
minutes  for  250°F  increments  as  follows: 

a)  45  minutes  from  250°  to  500°F 

b)  40  minutes  from  500°  to  750°F 

c)  30  minutes  from  750°  to  1000°F 

These  results  present  no  major  obstacle  other 
than  that  time  and  patience  are  required  in  the 
measurements . 


Text  resumes  on  next  page 
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The  previous  discussions  dealt  primarily  with 
the  coaxial  sample  holder,  since  the  waveguide  sample 
holder  has  much  thicker  walls,  the  time  lapses  for 
temperature  stabilization  are  much  longer. 

Figures  33  through  37  give  the  temperature  rise 
at  the  sample  inside  the  waveguide  for  a  fixed  pyro¬ 
meter  temperature.  It  is  seen  from  Figure  33  that  with 
the  pyrometer  maintained  at  250°F  it  required  approxi¬ 
mately  one  hour  for  the  temperature  inside  the  waveguide 
to  reach  210°F.  In  Figure  34  the  temperature  rise  inside 
the  waveguide  to  510°F  from  room  temperature  required 
approximately  one  and  a  half  hour  with  a  fixed  pyrometer 
temperature  of  570°F,  In  Figure  35  it  is  seen  that  the 
temperature  inside  the  waveguide  required  seventy-five 
minutes  to  rise  from  250°F  to  500°F,  with  the  pyrometer 
set  at  550°F.  In  Figure  36  it  is  seen  that  the  tempera¬ 
ture  inside  the  waveguide  required  seventy-five  minutes 
to  rise  from  500°F  to  750°F,  with  the  pyrometer  set  at 
820°F.  Again,  in  Figure  37  it  is  seen  that  the  tempera¬ 
ture  inside  the  waveguide  required  seventy  minutes  to 
rise  from  750°F  to  1000°F  with  the  pyrometer  temperature 
set  at  1050°F.  Clearly,  the  time  required  for  the  tempera 
ture  rise  in  the  waveguide  is  more  than  twice  that  for 
the  thinner  walled  coaxial  sample  holder. 


Text  resumes  on  page  46 
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Figure  33.  Time/Temperature  History  in  Waveguide  75°  to  218 
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Figure  35,  Time/Temperature  Hi?-ory  in  Waveguide,  250°  to  500 
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Figure  36.  Time/Temperature  History  in  Waveguide,  250°  to  500°F. 


IV.  MEASUREMENT  TECHNIQUE 


The  measurement  technique  consists  of  determining, 
as  accurately  as  possible,  the  position  of  the  minimum 
and  the  VSWR  (or  the  distance  between  twice  minimum 
points  of  the  Voltage  Standing  Wave)  with  the  sample 
placed  at  the  short  circuit  and  A/4  away  from  it.  The 
procedure  is  as  follows: 

1.  The  appropriate  Hewlett-Packard  signal  gener¬ 
ator  is  tuned  to  the  desired  frequency  and  is 
stabilized  with  the  Dymec  2650A  Oscillator 
Synchronizer.  The  Oscillator  Synchronizer 
stabilizes  the  signal  generator  at  discrete 
frequencies,  at  intervals  of  200  t  30  MHz. 

2.  The  RF  probe  and  RF  tuners  to  the  receiver 
are  tuned  with  empty  coaxial  line  to  obtain 
the  maximum  VSWR.  The  VSWR  should  be  greater 
than  48  or  50  db.  The  probe  depth  is  to  be 
adjusted  until  the  signal  on  the  oscilloscope 
is  clearly  visible,  that  isf  a  clear  pip  is  to 
be  seen  on  the  receiver  oscilloscope. 

3.  The  position  of  the  null  nearest  the  sample 
holder  is  to  be  recorded.  This  is  the  ref¬ 
erence  for  the  measurement. 

4.  Although  the  synchronizer  locks  reliably  to 

a  frequency,  nevertheless,  the  wave  length  in 
either  the  coaxial  line  or  the  waveguide  should 
be  measured  by  finding  the  distance  between  two 
successive  minima  (A/2).  Check  that  A/2  is 
then  equal  to  the  length  of  the  plunger  to  be 
used  later  to  move  the  sample  in  for  the  open 
circuit  measurement. 

5.  The  sample  is  then  inserted  at  the  end  of  the 
sample  holder,  however,  not  pushed  in  by  hand 
but  rather  have  the  sample  pushed  in^by  care¬ 
fully  tightening  the  bolts  that  hold  the  short¬ 
ing  plate  to  the  flange  of  the  sample  holder, 
thus  uniformly  moving  the  sample  in  with  the 
shorting  plate. 


Text  reeumee  cn  next  page 


6.  With  the  sample  at  the  short  circuit  deter¬ 
mine  the  position  of  the  null  nearest  the 
sample  holder.  This  should  be  in  the  neigh¬ 
borhood  of  the  null  obtained  in  3  of  the  pre¬ 
ceding  page.  Whenever  possible,  the  position 
of  the  minimum  is  to  be  obtained  by  deter¬ 
mining  the  positions  of  twice  minimum  power 
on  either  side  of  minimum.  The  position  of 
the  minimum  is  then  the  ~.idpoint  between  these 
two  measurements  with  the  AX  the  distance  be¬ 
tween  the  two  measurements.  In  the  case  of 
very  low  VSIVR  the  position  of  the  minimum  is 
obtained  by  determining  the  position  of  the 
probe  at  a  convenient  power  level  on  either 
side  of  the  minimum  with  the  minimum  falling 
midpoint  between  the  two  measurements.  Record 
AX  or  VSWR  and  the  position  of  the  minimum. 

7.  Move  sample  in  A/4.  This  is  accomplished  with 
a  pre-cut  plunger  A/4  long  or  by  means  of  a 
plunger  that  can  be  precision  set  to  A/4. 

8.  Replace  the  shorting  plate  and  measure  the  AXo 
and  null  position  as  in  6  above. 

As  is  seen  from  the  above,  the  procedure  is  rather 
straightforward,  however,  for  reasonably  good  results 
considerable  care  in  RF  tuning  to  the  receiver,  adjust¬ 
ment  of  probe  depth  and  in  the  measurement  of  the  null 
positions  and  three  db  points  is  required.  Ames  gauges 
mounted  on  the  slotted  lines  are  used  to  obtain  readings 
to  approximately  0.0005  inches.  Needless  to  say,  the 
sample  thickness  is  to  be  carefully  measured. 

The  identical  procedure  as  given  in  steps  1  to  8 
above,  is  used  for  measurements  at  elevated  tempera¬ 
tures  for  both  coaxial  line  and  waveguide.  The  only 
difference  is  that  the  gold  plated  Kovar  sample  holder 
is  to  be  used  and  the  furnace  raised  to  the  desired 
temperature.  The  temperature  is  to  be  determined  from 
readings  on  a  Leeds  §  Northrop  millivolt  potentiometer 
connected  to  the  leads  of  a  thermocouple  mounted  on  the 
outer  skin  of  the  sample  holder.  Since  there  is  a  time 
lapse  between  the  time  the  skin  temperature  has  reached 
the  desired  temperature  and  the  sample  has  reached  the 
desired  temperature,  there  is  a  minimum  waiting  period 
for  each  temperature  before  the  measurements  are  taken. 


Text  resumes  on  next  page 


The  test  setup  is  given  in  Figure  38  which  is 
identical  for  both  waveguide  and  coaxial  line  except 
that  the  appropriate  slotted  line  and  sample  holder 
are  to  be  used. 

The  position  of  the  reference  null  is  either  to 
be  determined  with  empty  sample  holder  or  a  correction 
made  for  the  expansion  of  the  coaxial  line  or  waveguide 
for  each  temperature.  In  the  measurements  under  this 
contract  the  null  position  with  empty  guide  was  deter¬ 
mined  for  each  temperature. 


Text  resumes  on  page  50 
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V.  MEASUREMENT  OF  PURE  DIELECTRIC  MATERIALS 
AT  HIGH  TEMPERATURES 


High  and  medium  loss  dielectric  materials  (y=l-jO) 
that  do  not  disintegrate  at  high  temperatures  aVe  quite 
rare,  A  useable  sample  was  furnished  by  North  American 
Aviation,  Inc.  Space  and  Information  Systems  Division 
capable  of  standing  temperatures  to  1000°F.  As  per  in¬ 
structions  received  with  the  material,  after  the  samples 
were  machined,  they  were  sealed  with  a  sealant  furnished 
by  North  American  Aviation.  The  machined  surfaces  were 
coated  with  the  sealant  and  permitted  to  air  dry  for 
three  hours  at  each  of  the  following  temperatures  200, 
250,  300,  and  350  degrees  Fahrenheit  and  then  left  over 
night  at  a  temperature  of  400  degrees  Fahrenheit.  This 
proved  to  be  an  effective  sealing  of  the  material  with 
no  observable  change  in  e'  and  e"  after  heat  cycling  to 
1000°F . 

The  e'  and  eM  for  this  material  are  given  in  Figures 
39  through  43  for  the  following  frequencies:  0.830, 
1.230,  1.970,  2.430  and  3.170  GHz  from  71°F  to  1000°F. 

The  results  were  checked  for  consistency  and  reliability 
and  in  every  case  the  high  temperature  measurements 
showed  no  effect  of  sample  fit  or  multimoding.  The 
major  problem  encountered  was  excessive  chipping  of  the 
sample  at  the  higher  temperatures.  The  characteristic 
effect  of  e'  and  eH  increasing  with  temperature  was  ob¬ 
served  at  all  frequencies.  In  Figures  44  through  46 
e'  and  e"  are  plotted  versus  frequency  at  250°,  500° 
and  1000°F  showing  that  the  distribution  of  e'  and  e" 
with  frequency  has  the  same  form  as  at  room  temperature 
with  e'  and  e"  in  this  frequency  range  decreasing  mono- 
tonically  with  frequency. 

The  e '  and  e"  wave  guide  measurement  of  this 
material  is  given  in  Figure  47  as  a  function  of  tem¬ 
perature  . 

In  Figure  48  it  is  seen  that  with  the  coaxial 
and  wave  guide  measurements  fall  in  smooth  Debye-type 
curves. 

The  difficulty  with  sample  chipping  and  breakage 
is  primarily  due  to  moving  the  samples  X/4  away  from 
the  short  circuit  and  then  extracting  them  back  to  the 
short  circuit.  The  first  remedy  that  comes  casually 
to  the  mind  of  the  reader  is  why  not  use  an  adjustable 
short  circuit?  Careful  deliberation  will  show  that  this 
is  not  feasible  at  high  temperatures  as  the  temperature 
gradient  in  the  oven  presents  serious  problems  in  shift¬ 
ing  the  short  circuit  X/4.  To  do  this  reliably  requires 

Text  resumes  on  page  61 
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Figure  39.  e'  and  e"  Vs  TEMPERATURE  FOR 
AT  0.8300Hz, 
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Figure  40.  c'  and  e"  Vs  TEMPERATURE  FOR  MI-TEMP  DIELECTRIC 
AT  1,230  GHz. 
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Figure  47.  e'  and  e"  Versus  Temperature  for  Hi-Temp 
Dielectric  in  Waveguide  at  6.778  GHi. 
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the  total  removal  of  the  sample  from  the  sample  holder, 
adjusting  the  moveable  short  and  then  reinserting  the 
sample.  This  is  a  far  more  tedious  task  than  that  of 
moving  the  sanple  in  A/4. 

The  results  reported  above  are  based  on  measure¬ 
ments  with  the  sample  at  the  short  circuit  and  A/4 
away  from  the  short  circuit.  It  was  clearly  demonstrated 
and  given  in  detail  in  Technical  Report  AFML-TR-69-  18, 
March  1969  that  by  decrementing  AXs  and  AXo  the  reliability 
and  consistency  of  the  measurements  is  established.  This 
approach  was  verified  experimentally  by  comparing 
measured  and  computed  reflection  coefficients  from  830 
MHz  to  4,000  MHz  of  a  13  layer  system  consisting  of  five 
different  materials.  The  agreement  throughout  was  with¬ 
in  0.5  db  which  is  well  within  the  expected  error  of  the 
reflectivity  measurements. 

In  order  to  avoid  the  breakage  of  brittle,  ceramic 
pure  dielectric  materials  due  to  moving  the  sample  away 
from  the  short  circuit  by  A/4,  the  use  of  a  sample  thick¬ 
ness  d  and  2d  at  the  short  circuit  was  studied.  This 
requires  the  use  of  two  samples  of  thickness  d  as  follows: 

1.  A  sample  of  thickness  d  is  placed  the  at  the  short 
circuit  and  AXs  and  null  position  are  deter¬ 
mined  and 

2.  The  second  sample  of  thickness  d  is  inserted 
by  placing  it  at  the  end  of  the  sample  holder 
and  carefully  tightening  the  bolts  that  hold 
the  shorting  plate  to  the  flange  of  the  sample 
holder,  and  uniformly  moving  the  sample  in  with 
the  shorting  plate,  thus  placing  a  sample  of 
thickness  2d  at  the  shorting  plate  and  NPS  and 
AXs  are  then  determined. 

These  two  measurements  will  permit  the  unique  de¬ 
termination  of  e  and  y.  For  a  material  with  u=l  the 
technique  of  decrementing  the  AX's  similar  to  that 
used  with  the  sample  at  the  short  and  open  circuit 
position  may  be  used.  This  approach  will  provide  the 
same  reliability  as  the  sample  at  the  open  and  short 
circuit  provides,  once  the  fully  automatic  computer 
program  is  completed. 
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For  samples  of  thickness  d  and  2d  at  the  short 
circuit  and  y  =  1  the  following  expressions  hold: 


tanh  yd 
id 


A  +  iB 
1  J  1 


(1) 


tanh2yd 

2Yd 


A2  +  jB2 


(2) 


where  the  subscripts  1  and  2  refer  to  thicknesses  d 
and  2d  respectively. 


Y  * 


(3) 


*0  ■  The  free  space  wave  length 

e  *  The  complex  permittivity  normalized  to 
free  space 


*c 

■  cut" 

off  wave 

length  of 

A 

and  A 

Ptan 

J£zll 

i 

2 

1  ♦  Rs 

ttan20 

B 

and  B 

PR  (1 

+  tan20J 

1  +  R2tan  20 


(4) 


(5) 


27Tt 

t  *  d  or  2d 

e  - 


2 7T  Xj 


(6) 

(7) 

(8) 


A  g  *  guide  wave  length 
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XQ  =  distance  of  the  first  minimum  outside  the 
sample  from  the  face  of  the  sample  so  that 

X  =  NPS-NPA  +  Ai  .  t  (9) 


NPA  *  position  of  the  minimum  in  the  air 
filled  line 


NPS  =  position  of  the  minimum  with  the 
sample  at  the  short  circuit 


VSWR 


s  in  0 


1  +  sin  2  4) 


(10) 


4>  _ 

xg 


(11) 


AX  *  distance  between  the  points  of  twice 
minimum  power 

Equations  (1)  and  (2)  are  readily  solved  as 
follows  : 

,  ,  ,  2  tanhyd 

Since  tanh2vd  *  - : — 

1  +  tanh2yd  (12) 


equation  (2)  becomes 


_ tanhyd _ 

yd  (1  +  tanh2yd) 


A2  +  jB2 


(13) 


substituting  from  equation  (1)  for  tanhyd 
gives 


- A1  *  iBl -  =  A2  *  jBj  (14) 

1  +  ( A  j  +  jB,)*  (yd)2 
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solving  equation  (14)  for  yd  gives: 


(yd) 


2 

s 


(A,  ♦  JBt)  -  (A;  *  ]B2) 

(A,  ♦  jB  )  2 (A  *  jB  ) 
12  2 


(15) 


and  from  equations (15)  and  (3),  for: 

1.  Waveguide 

e  — {  -i£}  \  (Ai  ♦  jBi)  -  (A2  *  jB2)  +  {!°}2 
2ffd  (Ax  +  jB i) 2  (A*  +  jB2)  Xc 


2.  Coaxial  line  measurements 


0,  so  that 


e  . (_*ft  )  (Ai  ♦  jB ,)  -  (A2  ♦  jB2) 

2nd  (A,  +  jB,)  (A,  +  jB2)  (17) 


Since  u  is  set  as  identically  equal  to  1.0-j0.0 
the  computed  e  will  not  uniquely  satisfy  equations 
(1)  and  (2)  unless  the  measured  values  of  AX  or  VSWR 
and  NPS  are  exact. 


Now  let 

tanhyd 
yd 

tanh  2yd  J  u+jv  /  A2  +  jB2  (18) 

~"Zy3  J  l  c 

where  for  thickness  d 


*c 


jB; 


tanhu+ jv 
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I 

I 


U  +  jv  ■  yd 

and  for  thickness  2d 


u  +  jv  *  2yd 


where 

Ai  or  A2 
c  c 


(19) 

_ u  sinh2u  +  vsin2v 

(u2  +  v2)  (cosh2u  +  cos2v) 


and 


B‘c  or  B*c 


(20) 

_ u  sin2v  -  vsin2u _ 

(u2  +  v2)  (cosh2u  +  cos2v) 


Alc,  A2c,  B;c  and  B2C  are  the  values  computed 
from  the  yd  obtained  from  the  Aj  ,  A2  ,  B|  and  B2  com¬ 
puted  from  the  measured  aX  and  NPS  for  the  single 
and  double  thickness.  Ideally,  then,  the  computed 
Aic>  BIC.  A,c,  B2c  should  agree  identically  with 
the  value  of  Aj ,  Blt  A2 ,  and  B2  used  to  compute  yd 
in  equation  (15). 

This  is  the  same  approach  as  was  reported  in  de¬ 
tail  in  Technical  Report  AFML-TR-69-18  for  the 
measurements  of  a  single  thickness  of  the  short  cir¬ 
cuit  and  at  the  open  circuit.  In  that,  case  decrement¬ 
ing  axs  equally,  resulted  in  close  agreement  and  it 
was  clearly  demonstrated  that  the  results  were  indeed 
valid.  However,  in  this  case  it  was  found  that  un¬ 
equal  decrementing  of  AXs ,  due  to  the  fact  the  samples 
were  of  thickness  d  and  2d,  was  required. 

The  approach  is  clearly  illustrated  in  Table  I 
for  two  samples  of  the  same  material,  with  one  sample 
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DIELECTRICS  AT  SHORT  ONLY 


having  a  thickness  d  *  0.0995"  and  the  second  sample 
of  twice  the  thickness  2d  =  0.1990".  The  computed  t. 
from  the  measured  data  is  17.3969-  jl6.0685.  However, 
it  is  seen  that  there  is  very  poor  agreement  between 
Hi  and  Bic  and  B2  and  B2C.  However,  by  decreasing  AX  1 
from  0.0140"  to  .0083"  and  AX2  from  0.0848"to  .08195" 
where  the  subscripts  1  and  2  refer  to  the  sample  of 
thickness  d  and  2d  respectively,  it  is  seen  that  the 
largest  per  cent  deviation  is  1.5531  indicating  that 
the  corrected  AXs  were  the  more  consistent  values  for 
the  material  measured.  Here  the  computed  is  17.25- 
j 2 0 . 10  giving  significant  change  in  e". 

Although  this  approach  has  the  disadvantage  of 
requiring  two  samples  of  equal  thickness,  it  is  be¬ 
lieved  that  it  will  significantly  simplify  the  measure 
ments  at  high  temperature  and  minimize  chipping  and 
breakage  of  brittle  material.  The  computer  program 
as  yet  is  not  completely  automated. 
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VI.  FERRITE  MEASUREMENTS 


The  ferrites  were  measured  at  room  and 
elevated  temperatures  using  two  thicknesses  of 
material,  a  single  and  a  double  thickness.  Two  types 
of  materials  were  used,  sample  designated  101  has  a 
Curie  point  below  1000°F  and  the  sample  designated 
102  h3S  a  Curie  point  above  1000°F.  Both  of  these 
ceramic  materials  are  fragile  and  resulted  in  a  high 
incidence  of  breakage.  The  lower  limit  in  thickness 
of  the  material  was  approximately  0.05",  hence  samples 
of  0.05"  and  0.10"  were  used  in  the  measurements. 

The  reason  for  using  as  thin  a  sample  as  possible  is 
due  to  the  fact  that  for  these  materials  at  the  short 
circuit  the  VSWR  is  rather  low  hence  having  a  very 
shallow  wave  form  which  presents  a  problem  in  the 
accurate  determination  of  the  position  of  the  minimum. 
Ideally  as  sharp  a  minimum  as  possible  is  desired. 

Theoretically,  the  determination  of  AX  and 
null  position  with  the  sample  at  the  short  circuit 
and  the  sample  at  the  open  circuit  (X/4  away  from 
the  short  circuit)  should,  from  the  solution  of  the 
following  well-known  transcendental  equations 


utanhid  .  A  +  jB 

(21) 

Yd 

ucoth-yd  .  c  *  jD 

(22) 

yd 

give  the  exact  value  of  e  and  y  of  the  material, 
provided  that  there  are  no  errors  in  the  four  meas¬ 
ured  parameters.  It  was  clearly  demonstrated  with 
dielectric  materials  that  a  correction  for  AX  meas¬ 
ured  with  the  sample  at  the  short  circuit  and  at 
the  open  circuit  was  essential.  Unfortunately, 
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when  equations  (21)  and  (22)  are  solved,  giving  e 
and  y,  unlike  the  dielectric  case  where  y  was 
assumed  to  be  identically  one  (1,000),  no  check  is 
possible  on  either  the  consistency  or  reliability 
of  the  measurement.  Here  the  solution  is  unique, 
but  resultant  value  of  e  and  y  may  not  be  the  true 
parameters . 

As  in  the  case  of  the  dielectric  materials  a 
correction  for  the  measured  VSWR  or  AX  is  required 
and  a  means  of  establishing  the  consistency  and 
validity  of  the  result  is  needed. 

Hence,  single  and  double  thicknesses  were  used 
throughout  this  study.  With  the  measurements  at  the 
short  and  X/4  away  from  the  short  and  thicknesses  of 
d  and  2d,  six  determinations  of  e  and  y  are  possible 
as  follows:  solving  equations  (21)  and  22)  with 
thickness  d  and  2d  gives  the  two  standard  determin¬ 
ations  of  e  and  y;  the  third  is  obtained  from  the 
simultaneous  solution  of 


y  tanhyd 

-  -  s 

yd 

ytanh2yd 
2  yd 


*  j  B  2 


(23) 

(24) 


where  subscripts  1  and  2  relate  to 
single  and  double  thickness  repsectively 
giving  e  and  y  from  the  measurements 
with  the  samples  at  the  short  circuit; 
the  fourth  determination,  by  the  simul¬ 
taneous  solution  of 
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ucothyd 

Yd 


C1  + 


(25) 


ucoth2yd 


2yd 


(26) 


giving  c  and  y  from  the  measurements 
with  the  samples  at  the  open  circuit. 


Two  other  determinations  of  e  and  u  are  possible 
from  the  solutions  of  (23)  and  (26)  and  (24)  and  (25). 
These  determinations  seem  not  to  give  very  meaningful 
information  and  were  abandoned. 

The  method  used  has  been  to  compute 

(1)  e  and  y  from  the  measurement  of  the  single 
thickness  at  the  short  and  open  circuit  (SOS) 

(2)  e  and  y  from  the  measurement  at  the  short 
and  open  circuit  of  the  sample  of  double  thickness 
(SOD) 

(3)  from  the  measurements  of  the  sample  of  single 
thickness  at  the  short  circuit  and  double  thickness  at 
the  short  circuit  (S) 

(4)  from  the  measurements  of  the  sample  of  single 
and  double  thickness  at  A/4  away  from  the  short  cir¬ 
cuit  (0) . 

These  will  be  referred  to  henceforth  as  SOS  (short 
and  open  single),  SOD  (short  and  open  double),  S 
(single  and  double  at  the  short  circuit)  and  0  (single 
and  double  at  the  open  circuit). 
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To  illustrate  this  approach  Table  II  gives 
the  computed  values  of  c  and  y  for  SOS,  SOD,  S  and 
0.  It  is  seen  that  the  values  of  e"  in  the  single 
and  double  thickness  measured  at  the  open  and  short 
circuit  differ  significantly.  Again  the  values  of 
eH  computed  from  the  measurements  of  the  short  circuit 
(S)  and  from  the  measurements  at  the  open  circuit  (0) 
differ  significantly.  This  certainly  implies  errors 
in  the  measurements  of  AX  or  the  VSWR. 

Now  from  the  values  of  e  and  e",  y*  and  y"  com¬ 
puted  from  the  measurements  of  the  sample  of  single 
thickness,  (.05  inches)  at  the  short  and  open  circuit 
(SOS)  the  expected  value  of  NPS,  NOP,  AXs  and  AXo 
are  obtained  for  the  sample  of  double  thickness,  (0.10 
inches)  at  short  and  open  circuit. 

Note  that  the  AXo  obtained  from  the  measurements 
for  the  sample  that  is  0.10  inches  thick  is  0.1362 
inches  greater  than  that  computed  from  the  e  and  y 
obtained  from  the  measurements  of  the  sample  of  thick* 
ness  0.05  inches.  Conversely  from  the  e  and  y  obtain¬ 
ed  from  the  SOD  measurements  it  is  seen  that  the  meas¬ 
ured  AXo  in  the  thickness  of  0.05  inches  is  0.1362 
inches  less  than  that  computed  for  this  thickness 
from  the  0.10  inch  thickness.  Hence  it  is  clear  that 
the  differences  in  e"  are  due  to  inconsistencies  in 
the  measured  AXo  for  the  single  and  double  thickness. 
Again  the  AXs  values  are  also  inconsistent. 

Now  by  correcting  the  AX's  to  the  values  given 
in  Table  III’  and  "recomputing  the  parameters  NPS,  NPO, 
AXs  and  AXo  from  the  e  and  y  obtained  from  the  single 
thickness  for  the  expected  values  for  the  double 
thickness  and  conversely  from  the  double  thickness 
to  the  single  thickness,  it  is  seen  that  with  the 
exception  of  the  NPO’s  the  differences  are  very  small 
and  the  values  of  er,  e",  y'  and  y"  are  in  very  close 
agreement  for  SOS,  SOD  and  S.  The  computation  of  e 
and  y  from  S  could  be  considered  to  be  the  most 
reliable  since  the  minimum  difference  in  the  para¬ 
meters  NPS  and  AXs  for  the  single  and  double  thick¬ 
ness  are  0.00353  inches. 
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TABLE  II 


COMPUTED  e  AND  y  FROM  MEASURED  DATA. 


Frequency 

GHz 

Thickness 

Inches 

Measured 

Comp.  From 
SOS  or  SOD 

t 

Diff. 

i 

1.230 

NPS 

5.7525 

5.7523 

+0.0002 

I 

I  : 

t  t 

NPO 

5.2881 

5.2582 

+0.0299 

i 

.  AXS 

0.2731 

0.2538 

-0.0193 

1 

| 

\ 

\ 

.  *Xo 

0.2517 

0.3879 

-0.1362 

S 

!  o.ioo 

NPS 

5.4850 

5.4820 

+0.0030 

i 

j 

i 

• 

NPO 

4.7023 

4.7512 

-0.0489 

i 

» 

AX 

s 

0.6002 

0.6246 

-0.0244 

i 

♦ 

“o 

0.5781 

0.4329 

_ 

' 

+0.1362  | 

# 

i 

4 

t 

; 

e  9 

!  .  i 

-e"  |  y'  j  -y"  j 

SOS 

15.9144 

i 

-2.7921  !  5.7309 

-2.5904  | 

SOD 

16.5159 

-4.4871 

5.7455 

-2.4025 

S 

13.3956 

-1.7244 

5.7427 

-2.6234 

0 

15.6535 

-2.3599 

9.9114 

-5.5872 

TABLE  HI 

RECOMPUTED  e  AND  y  WITH  CORRECTED  AX  AND  AX 


Thick .; 

Measured 

;  Corrected 

Comp,  from 

inch  i 

SOS  or  SOD 

1.230:  0.050  5,7525  • 

*  »»  —  i  m  i  m  ..  .  ■  —  i  ■  — — 

I 

NPO  5.2881  | 


!  Axs  ■  0.2538  0.25919 


AX0  0.3879  1  0.3333 


Si  5.4850  1 


4.7023  I 


0.6246  0.60578 


»  i 

AX0  0.4329  1  0.51416 


5.7535 
5.2543  +  .0339 


0.25752  +  .00257 


0.3384  +  .0051 


5.4851  -0.0001 


4.7460  -0.04370 


0.60225  -0.00353 


0.51946  +0.00530 


E  ' 

-  e" 

-P"  . 

i 

SOS  15.8514 

\ 

e 

-3.7749 

5.7405 

;  -2.4679 

' 

|  SOD  16.6656 

r 

‘ -3.9004 

5.7159 

-2.4425 

S  16.1270 

i 

i 

< 

i  -3.9714 

I  I 

i  ' 

5.7399 

1 

-2.4632 

i 

15.6116  !  -3.7478 


8.1154 


1.5607 


Tables  IV  and  V  give  the  same  story  for  the  same 
pair  of  samples  measured  at  1.430  GHz.  Here  SOS,  SOD 
and  0  come  in  close  agreement  after  corrections  of  AX 
and  certainly  the  average  of  SOS  and  SOD  may  be  ac¬ 
cepted  since  e’,  e",  y'  and  y"  have  differences  of 
less  than  5%  and  the  average  should  certainly  give  the 
representative  value  of  the  material. 

From  Tables  VI,  III,  IV  and  V,  it  is  seen  that 
S  and  0  are  far  more  sensitive  to  errors  than  SOS 
and  SOD,  with  SOS  and  SOD  coming  in  to  close  agree¬ 
ment  more  readily  than  either  S  or  0.  The  negative 
sign  for  e.'  and  y'  in  S  is  due  to  the  large  differ¬ 
ences  in  NPS  and  AXs . 

Table  VI  gives  data  for  measurements  of  the  same 
samples  at  1.970  GHz.  Here  again  the  negative  signs 
of  e'  and  y'  and  the  positive  sign  of  y"  is  due  to 
the  inconsistencies  in  NPS  or  AXs.  The  measured  AXs 
for  the  thickness  of  0.1000  inches  is  very  large, 
1.4250",  which  readily  leads  to  the  assumption  that 
such  a  large  AX  is  difficult  to  accurately  determine 
and  can  lead  to  an  error  in  NPS.  As  seen  from  Table 
VII,  after  correcting  for  AXs  and  AXo,  SOS,  SOD  and 
0  are  reasonably  close  with  0  filling  in  between  SOS 
and  SOD,  hence  0  should  be  accepted.  S  for  e  and  e" 
is  still  out  of  line,  primarily  due  to  inconsistencies 
in  NPS,  although  corrections  for  AXs  changed  the 
algebraic  signs  of  e’  and  y'  from  negative  to  positive 
and  "  from  positive  to  negative. 

Table  VIII  and  IX  give  data  for  measurements  at 
3.170  GHz.  Note  in  Table  VIII  that  the  maximum  de¬ 
viation  is  for  AXs  of  thickness  0.1000",  a  deviation 
of  +0.0086"  and  after  correction  of  AX  the  maximum 
deviation  is  0.0048  in  NPO  of  the  sample  with  a  thick¬ 
ness  of  0.0500.  Here  e  and  y  computed  from  either 
SOS  and  SOD  may  be  considered  as  the  values  for  the 
material  at  this  frequency  with  the  average  from  the 
two  thicknesses  being  the  most  realistic. 
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TABLE  IV 


TABLE  V 


RECOMPUTED  e  AND  y  WITH  CORRECTED  AXg  AND  AXq. 


Frequ.;  Thick 
GHz 


Measured  j  Corrected  Comp,  from 


1.430  1  0.050 


3.7394 


3.2962 


0.5516 


XQ i  0.2508 


Si  3.4145 


2.8251  ! 


X8!  1.3033 


SOS  or  SOD 


3.7200 


3.3076 


+  0  .0194 


-0.0114 


0.5454 


0.2580 


0.5205  +0.0249 


1.3141 


0.2868 


3.4594 


2.8193 


1.3747 


-0.0388 


-0.0449 


+0.0059 


-0.0606 


0.5442  ‘  0.5400 


0.5146  +0.0354 


sos  15.8292  -2.7970  5.7560  j  -5.008 


S  i  -15.5591  !  -  .7873 


5.6554 


5.5574 


5 .0275 


5.3324 


TABLE  VI 


I 


TABLE  VII 


RECOMPUTED  e  AND  y  FROM  CORRECTED  AXg  AND  AXq. 


Thick.; 

Measured 

;  Corrected 

Comp,  from 

Inch  j 

SOS  or  SOD 

1,970.  0.050  ;  N1  s  3.5207  ; 


:  NPO  3.0050 


i  AXS  |  0.4867  I  0.48808 


AX0  0.1173 


0.100  ,  NPS ;  3.5175 


0.1166 


2.7024 


x8  1.4250 


AXft  0.2984  j 

0  i  ; 


3.5174 


3.0053 


0.48808  ’  0.4871 


0.1167 


3.5272 


;  2.7033 


1.3451  !  1.3405 

I 


0.2939  !  0.2936 


SOS |  14 . 3459 


SOD  14.3237 


S  .  13.6756 


■0.9019 


0.9038 


0.4114 


2.3199 


2.3795 


2.3012 


+0.0023 


-0.0003 


-0.0023 


-0.0001 


.0097  ! 


-0.0009 


i 

+0.0046  | 

t 


+0.0003 


-y" 

j 


j  -4.4871 


,  -4.4751 


4.4928  t 


\ 

0 

14.3376 

-0.9017 

— 

2.3630 

-4.4813 
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TABLE  VIII 


TABLE  IX 

RECOMPUTED  e  AND  y  FROM  CORRECTED  AX  AND  AX  . 

s  o 


<  ;  1 

Frequ.  Thick.;  Measured  (Corrected  ,  Comp,  from  Dlff. 

GHz  inch  j  >  SOS  or  SOD 


3.170,  0.050 

i 

'  NPS 

2.7845 

T 

i 

;  2.7844 

+  .0001  , 

i 

i 

i 

NPO 

j 

2.3157 

} 

i 

i 

2.3205 

-  .0048 

!  AX8j 

0.3671 

i 

i 

0.3611 

i  0.3603 

;  1 

; +  .0008  i 

t 

: 

t 

♦ 

0.0950 

i 

i 

i 

0.1009 

|  0.1013 

-  .0004 

1 

0.100 

,  NPS  j 

2.9320 

i 

i 

i 

;  2.9348 

-  .0028  ; 

! 

i 

i 

f 

» 

i 

» 

npo  ; 

» 

1 

2.1801 

T 

1 

{ 

f 

;  2.1765 

! 

+  .0036 

i  \ 

i  i 

«.j 

0.8725 

| 

0.8493 

|  0.8466 

+  .0027  ! 

c 

ax0; 

j 

0.2288 

I 

l 

0.2263 

J  0.2263 

j 

0.0000  ' 

1 

,  i 

1  I 

1  i 

> 

t 

1 

1 

-  e" 

j 

i  y' 

-1J" 

1 

1 

1 

SOS 

13.1985 

-0.8322 

i  0.9765 

j  -3.2739 

i 

t 

i 

t 

1 

» 

1 

SOD  1 

12.9931 

I 

J 

1 

-0.8473 

;  0.9727 

-3.2707 

s 

> 

12.9566 

-0.9105 

0.9718 

-3.2792 

0  i 

_ L 

13.2641 

'  -0.8186 

0.8283 

-3.3316  i 

1 
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Throughout  this  study  the  primary  problem  has 
been  that  the  samples  differ  in  properties  from  sample 
to  sample,  while  the  secondary  problem  is  caused  by 
the  large,  broad  minima  making  the  location  of  NPS 
and  NPO  difficult. 

As  seen  from  Tables  II  through  IX  computations 
of  £  and  p  from  SOS  and  SOD  generally  agree  fairly 
closely  but  seldom  within  5%  for  the  four  parameters 
e',  e",  p'  and  p"  due  to  either  errors  in  NPO,  NPS, 

AXs  or  AXo  or  individual  differences  between  the 
samples.  It  has  been  found  that  generally  corrections 
for  AX  brings  SOS  and  SOD  within  acceptable  agreement. 
However,  the  computations  from  the  measurements  of 
the  samples  at  the  short  circuit  only  or  A/4  away  from 
the  short  circuit  are  very  sensitive  to  NPS  and  NPO. 
Hence,  from  analysis  of  the  results,  it  is  possible  to 
determine  which  measurement  or  measurements  are  in 
error,  or  if  the  deviations  are  due  to  differences  in 
the  properties  of  the  samples.  The  computer  program 
is  still  in  the  developmental  stage;  it  is  expected 
that  the  completed  program  will  give  the  criteria 
under  which  the  measurements  are  accepted  or  rejected. 

It  is  recognized  that  in  all  coaxial  line  or 
wave  guide  measurements  a  correction  of  the  measured 
AX  or  VSWR  is  needed.  If,  by  correcting  AX  or  VSWR, 
the  computed  e',  e" ,  p'  and  p"  agree  from  at  least 
three  of  the  four  computating,  SOS,  SOD,  S  and  0  and 
the  analysis  of  the  recomputed  parameters  NPS,  NPO, 

AXs  and  AXp  are  in  close  agreement  for  the  AX's  and 
one  set  of  null  positions,  NPO  or  NPS,  the  result 
is  to  be  excepted  as  valid. 


Text  resumes  on  next  page 
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VII . 


EFFECT  OF  SAMPLE  FIT  ON  FERRITE  MEASUREMENTS 


As  a  preliminary  to  the  performance  of  high 
temperature  measurements  on  ferrite  samples,  a  study 
has  been  conducted  on  the  effects  of  sample  fit  on 
g ' ,  e" ,  p ' ,  and  p"  for  type  101  samples.  The  choice 
of  the  sample  was  dictated  by  the  availability. 

Samples  of  exact  fit  with  outside  diameter  1.0 
inch  were  measured  for  thicknesses  of  0.05  and  0.10 
inch.  The  measurements  were  performed  in  a  coaxial 
line.  The  results  are  given  in  Figure  49.  The  two 
samples  were  ground  to  an  outer  diameter  of  0.999 
inches  and  measured.  The  results  are  given  in  Figure 
50.  In  Figure  51  e  and  p  are  given  versus  frequency 
for  the  samples  ground  down  to  an  outer  diameter  of 
0.9975  inches.  In  Figures  52  and  53  e  and  p  are  given 
versus  frequency  for  the  samples  ground  down  to  an 
outer  diameter  of  0.9956  and  0.9936  inch,  respectively. 
It  is  clear  from  Figures  49  through  53  that  the  decrease 
in  diameter  of  the  samples  had  only  a  minor  effect. 

The  misfit  here  is  much  greater  than  can  be  expected 
from  the  differential  expansion  of  the  sample  holder 
and  ferrite  at  a  temperature  of  1000°F,  hence  it  is 
concluded  that  the  sample  fit  does  not  present  a 
problem. 
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Frequency  in  GHz 


Figure  49.  SAMPLE  101  EXACT  FIT  U.000"  Dia.) 
e  AND  p  Vs  Frequency, 


Figure  50.  SAMPLE  101  0 . 999”Diameter , 

e  and  \i  Vs  Frequency. 
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Frequency  in  GHz 


Figure  52.  SAMPLE  101  0.9956" 

e  and  p  Vs  Frequency. 

O  C. 


Diameter 


.1  • 


Frequency  in  GHz 


Figure  53.  SAMPLE  101  0.9936" 

e  and  y  Vs  Frequency 


Diameter 


VIII. 


MEASUREMENT  OF  FERRITE  MATERIALS  AT 
HIGH  TEMPERATURE 


Other  than  the  problems  associated  with  insertion 
and  moving  of  the  samples  which  were  discussed  pre¬ 
viously  in  this  report,  and  the  breakage  of  the  samples, 
no  additional  problems  were  encountered  at  elevated 
temperatures . 

Figures  54  and  55  give  e',  e",  p',  p"  measured 
at  0.830  GHz  and  3.970  GHz  at  elevated  temperatures 
for  sample  101.  Here  it  is  seen  that  y  reaches  1.0- 
jO.O  between  500°F  and  750°F  and  remains  1.0-j0.0 
with  increased  temperature. 

In  Figure  56  is  given  the  waveguide  measurement 
at  7.00  GHz  of  a  material  received  at  a  later  date  and 
supposedly  identical  to  sample  101;  However,  it  turned 
out  to  be  significantly  different.  In  this  material 
there  was  very  significant  variation  from  sample  to 
sample.  The  waveguide  sample  required  the  cementing 
together  of  four  tiles  for  each  sample.  Here  again 
p"  falls  to  0.00  between  500°F  and  750°F  withp'-l.OO. 

In  Figures  57  and  58  the  e  and  p  versus  temperature 
for  sample  102  is  given  for  measurements  at  0.830  and 
3.970  GHz,  respectively.  Since  this  is  a  lithium  fer¬ 
rite  p  does  not  become  1.0  -  jO.U., 


Figure  54.  Sample  101;  e  and  y  Vs  Temperature  at  0.830GHz. 
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Figure  55.  Sample  101;  e  and  y  Vs  Temperature  at  3.970  GHz. 
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gure  57.  Sample  102;  e  and  y  Vs  Temperature  at  0.830  GHz. 


< 
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IX.  CONCLUSIONS  AND  RECOMMENDATIONS 


It  has  been  found  that  although  the  high  tempera¬ 
ture  measurements  are  time-consuming,  they  are  as  re¬ 
liable  as  the  room  temperature  measurements. 

No  effect  of  sample  fit  on  the  measurements  taken 
in  the  coaxial  or  waveguide  gold  plated  Kovar  sample 
holder  has  been  observed. 

Dielectric  Materials.  As  reliable  results  can  be 
obtained  with  samples  of  two  equal  thicknesses  measured 
singly  and  together  at  the  short  circuit  only,  as  with 
the  samples  measured  at  the  short  and  a  quarter  wave¬ 
length  away  from  the  short  circuit.  This  technique  is 
particularly  desirable  for  the  high  temperature  measure¬ 
ments,  eliminating  the  need  of  either  moving  the  sample 
in  by  a  quarter  wavelength  or  adding  a  quarter  wave¬ 
length  section. 

The  completely  automatic  zeroing- in  program,  para- 
leling  that  for  the  sample  at  the  open  and  short  circuit 
requires  further  development. 

Ferrites .  Again,  considerable  advantage  exists  for 
the  ferrite  measurements  if  the  samples  can  be  measured 
merely  at  the  short  circuit.  However,  here  three  samples 
of  identical  thickness  are  needed  to  uniquely  determine 
the  e*  and  y*.  By  placing  first  one  sample  at  the  short¬ 
ing  plate  and  measuring  the  null  position  and  VSWR,  then 
pushing  the  second  sample  in  behind  the  first  with  the 
shorting  plate  and  measuring  the  null  position  and  VSWR, 
one  unique  determination  of  e*  and  y*  can  be  made. 
Repeating  with  the  third  sample  added  to  the  first  two, 
will  give  a  second  determination  of  e*  and  y*.  From  a 
practical  point  of  view  for  high  temperature  measur  .  ents  , 
this  technique  warrants  serious  consideration. 

The  presently  used,. open  and  short  circuit  technique 
with  single  and  double  thickness  requires  four  different 
AX  decrements  to  obtain  consistency  in  the  four  results. 
Thus  the  automating  of  the  computational  technique  re¬ 
quires  further  study. 

At  least  six  different  materials  (two  each  of  low, 
medium,  and  high  loss)  should  be  studied  to  obtain  suf¬ 
ficient  experience  to  write  an  automatic  ferrite  program. 
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A  major  underlying  problem  is  the  vari¬ 
ability  of  the  ferrite  materials  from  sample  to 
sample.  This  should  be  studied  in  detail  with 
many  samples  of  the  same  material.  Another 
problem  is  the  unavailability  of  samples  larger 
than  one  square  inch. 
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